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ScientificGoals:
Thegoalof thisprojectis thedevelopmentandevaluationof improvedparameterizationof
arcticcloudandradiationprocessesandimplementationf theparameterizationsintoa
climatemodel.Ourresearchfocusespecificallyonthefollowingissues:. continueddevelopmentandevaluationofcloudmicrophysicalparameterizations,
focusingonissuesofparticularrelevanceformixedphaseclouds,
evaluationofthemesoscalesimulationofarctic loudsystemlifecycles..
Researchsummary:
.Evaluationof mesoscalesimulationof arcticcloudsystemlife cyclesin thecontextof the
ArcticRegionalClimateModel IntercomparisonProject(ARCMIP). Assemblyof two
differentgriddedand co-locatedhigh-resolutionsatellitedata sets of cloud/radiation
propertiesduringtheSHEBA yearhasbeencompleted(underNASA funding). Thesetwo
datasetshavebeenevaluatedagainsthesurface-basedobservationsduringSHEBA andan
EOF analysishasbeendoneto interprethehorizontalvariabilityof thecloudandsurface
radiationfluxesdeterminedfrom satelliteandalsotheNWP analyses(Liu et al.). The
outputof 7 differentmesoscalemodelshas beensubmittedto ARCMIP. The model
intercomparisonandevaluationof simulatedcloudandradiationpropertiesoverSHEBA
hasbeenconducted,withajournalpaperin finalstagesof preparation(Inoueetal.).
.A newfive-classdouble-momentbulkmicrophysicschemehasbeendevelopedfor use
in mesoscaleandclimatemodelsthatpredictsthehydrometeornumberconcentrationand
mixing ratio (Morrison et al). This schemeincorporatesmany of the theoretical
developmentsmade by Khvorostyanovet al.; see below. In particular, these
parameterizationsallowforexplicittreatmentof cloud-aerosolinteractionfor ice,liquid,and
mixed-phaseclouds.The newschemeas beenextensivelyevaluatedagainstobservaJions
obtaineduringSHEBA andattheARM CART siteatBarrowusinga SCM. It wasthen
incorporatedintothePSU/NCAR mesoscalemodel(MM5). Resultsusingthenewscheme
werecomparedto parallelsimulationsusingothermicrophysicschemesthatarepublicly
availablein MM5. The predictedcloud phaseand liquid waterpath are significantly
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improvedusingthenewschemerelativetoa single-momentschemepredictingonly the
mixingratiosof thewaterspecies.Themoredetailedtreatmentof icenucleationprocesses
in thenewschemealsoimprovedpredictionof cloudphaseandwatercontentrelativetoa
double-momentschemepredictingicecrystalnumberconcentration.Sensitivitytestswere
performedbyvaryingtheaerosolsolubility,size,andnumberconcentrationusingtheSCM
andMM5. Modelresultsexhibitedlargesensitivityto theaerosolcharacteristics.These
resultssuggesthatdetailedtreatmentof cloud-cloudprocesses,particularlycrystal
concentrationa dicenucleation,isneededtoadequatelysimulatetheobservedmixed-phase
stratus.
. Ournewtheoryof heterogeneousicenucleationwasincorporatedintoa parcelmodel
withexplicitwaterandicemicrophysicsto simulatetheprocessof icenucleationunder
transientthermodynamicconditions.It isshownthat:a)thesamecloudcondensationnuclei
(CCN)areresponsibleforthedropandcrystalnucleationandcanbeidentifiedasicenuclei
(IN) whencrystalsform;b) thenucleationratesandconcentrationsof nucleatedcrystals
dependon temperatureandsupersaturationsimultaneously;c) thenew theoryyields
reasonablecrystalconcentrationsovertheentiretemperatureangefor all testedinitial
conditionsandverticalvelocities;d) thekineticsof heterogeneousicenucleationexhibitsa
negativef edbackregulatedviawatersupersaturation.A comparisonwithchamberandfield
measurementsshowsgeneralagreement;potentialreasonsof discrepanciesarediscussed
alongwiththepossiblewaysof theoryverificationandapplication.Basedon these
calculations,asimpleparameterizationforicenucleationis suggestedfor usein bulkcloud
modelsandlarge-scalemodels.
. We havecontinuedto evaluateboththe explicitmicrophysicsmodeland bulk
microphysicsparameterizationagainstobservations.We havecontinuedto focuson the
SHEBAdataset,owingtothetremendousefforthathasgoneintoqualitycontrolonthis
data.WehavealsobegunevaluatingthemodelsagainsttropicalcloudsfromCRYSTAL
FACE. WehadasmallamountofCRYSTAL FACEfundingfromNASA, butthisworkis
nowbeingcontinuedunderourARM funding.Weviewtheevaluationof ourmodelsand
parameterizationsin differentcloudtypesandregionsusingbothSCMs andmesoscale
modelsasanessentiale ementof eventuallyhavingourpatameterizationsincorporatedinto
GCMs.
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Plans for Year 3:
MPACE. Ourgrouphasparticipatedxtensivelyintheplanningfor MPACE. We willbe
participatinginthefieldexperimenti conjunctionwithourNSF Aerosondegrantomake
observationsof temperature,humidity,pressure,winds,aerosols,iceparticles,andozone.
Weintendtobeactivelyinvolvedinthedata nalysisandwealsoplantoconductasuiteof
modelingstudiesincludingsinglecolumn,cloudresolving,andmesoscalemodels,withboth
binandbulkmicrophysics.
Theoreticalmicrophysics.Wearecontinuingourtheoreticalresearchonheterogeneousice
nucleation.Ourcurrenttheories(ondeliquescencefr ezing)willbeextendedto included
contactandimmersionucleation.We intendto usetheexplicitmicrophysicsmodelto
furtherexploretheappropriatemicrophysicaltreatmentsformixedphaseclouds.Weare
alsointheprocessof revisingouricecrystalfall velocityparameterizationt accountfor
recentfieldandlaboratorydata. We arealsousingour previousworkon stochastic
condensationi clouds (Khvorostyanovand Curry, lAS, 1999) and the explicit
microphysicsmodeltodevelopaparameterizationforicecrystalsizedistributionsthatallow
toexpressthemviathequantitiesmeasuredby aircraftor producedby thecloudbulk
models,to accountfor thetemperatured pendenceof thespectrandare capableof
producingthebimodalspectra.Wehavealsobegundevelopmentof a newdropactivation
schemethatis anextensionof ourpreviouswork(KhvorostyanovandCurry,l. Geophys.
Res.,1999),allowingaquasi-powerlawrepresentationofanyaerosolsizespectrandCCN
activityspectra,is capableof reproducinglaboratorydataon dropnucleationi thewide
rangeofsupersaturationsuptoof 10%,andcanbeusedinbothbinandbulkmodels.
Continuedevelopmentandevaluationofbulkmicrophysicsparameterizations.TheneW
bulkmicrophysicsschemewill continueto beevaluatedandimprovedfor incorporation
intoNWP andclimatemodels.Furtherevaluationwill bedoneusingdatacollecteduring
MPACE lOP. Theseevaluationswill relyheavilyonbothin situmeasurementsandthe
remotelysensedmeasurementsobtainedattheBarrowARM cartsite.Improvementso
thebulkmodelwill includeamoredetailedtreatmentof severalmicrophysicalprocesses
and increasedefficiency. We will continueto develop and incorporatenew
parameterizationsba edupontheoreticalmicrophysics,explicitmicrophysicsmodeling
andobservations,particularlythetreatmentof ice-phaseprocesses.This will include
treatmentsof particlefallspeeds,particlehabits,andtheshapeof theiceparticlesize
spectra.Wewill alsofocusonimprovingtheparameterizationof interactionsbetweenthe
sub-gridscaledynamicsandmicrophysics,whicharecrucialin predictingdropletand
crystalnucleationandhencenumberconcentration.The schemewill be mademore
efficientwiththecontinuedevelopmentof lookuptables.Sensitivitytestingwill beused
to determinewhichareasof theschemecanbereducedin complexity(e.g.,reducingthe
numberofprognosticvariables)tofurtherimprovefficiency.
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